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Abstract 
Vibrations of snowboards are closely related to their performance. The aim of this study was to investigate the frequencies of 
bending and torsional modes, the damping ratios and location of node lines in two boards with different torsional stiffness under 
free-free boundary conditions with a non-contact laser vibrometer. The frequencies of the first three bending modes were at 16, 
37, and 65 Hz. The frequencies of the first three torsional modes were at 30, 54 and 86 Hz in one board, and 10% higher in the 
2nd board. The damping ratios of the two boards investigated ranged between 0.3 and 0.6% for bending and between 0.6 and 1% 
for torsion. The location of the node lines was comparable to a free-free beam with constant cross-section. Vibration analysis 
should be a standard investigation for benchmarking of snowboards, in addition to mechanical and geometrical parameters.
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Foss and Glenne [1] stated that “The dynamic property most responsible for adverse ski behavior at high speeds 
on hard snow is a highly active torsion mode. Higher torsional vibration of a ski forebody directly affects edge 
control and stability, particularly during turns. Bending modes can also affect performance, but to a lesser degree.” 
Buffinton et al. [2] stated that “Natural frequencies and damping ratios are two of the key parameters characterizing 
snowboard ride, ‘feel,’ and performance. In particular, damping ratios as well as the relative values of bending and 
torsional natural frequencies directly relate to snowboard controllability and handling.” 
Compared to skis, mechanical analysis of snowboards is lagging behind, in terms of stiffness analysis and 
benchmarking [3,4] as well as vibration analysis. Glenne et al. [5] investigated the vibrations of snowboards with 
colour spectrogram plots by combining frequency response spectra with the physical board dimensions to display 
the spatial distribution of structural dynamics characteristics. Several authors used accelerometers [1,2,6] at 9, 16 
and 32 locations on the board, as well as finite element modelling [2,6,7] for modal analysis. Even if the mass of a 
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single accelerometer is negligible, the combined mass of 32 accelerometers [1] as well as their cables is expected to 
influence the vibration behaviour of a snowboard. In addition, the effective damping is increased if care is not taken 
to mitigate sway in the cables. This drawback can be overcome by applying non-contact laser vibrometry.  
There is still no clear standard for modal analysis of snowboards. Foss and Glenne [1] refer to an ISO Standard 
(ISO Document No. 6267) for skis, which requires clamping a ski as a cantilever beam and measures the logarithmic 
decay of the first bending mode. Skis and snowboards were clamped at different locations, e.g. in the middle of the 
ski [6,8], at the binding[1,6], and at the maximal width of the shovel [2], in addition to free suspension experiments. 
The boundary conditions are another unclear issue, solved either by rigid laboratory clamping [2,6], reproducing a 
laboratory equivalent of actual condition when riding a board (boot-binding attachment [1], snowboarder’s feet 
strapped to the snowboard [6]), and on-snow experiments [1,2]. 
The aim of this study is to use a non-contact method for vibration analysis, namely laser vibrometry, to measure 
the frequencies of bending and torsional modes below 125 Hz and to analyse the damping ratios of all modes as well 
as the location of node lines of the bending modes.
Fig. 1. Freely suspended board with laser vibrometer grid digitally displayed on the surface (Polytec software). 
2. Experimental 
Two snowboard decks, board A and B, of similar bending but different torsional stiffness (board A stiffer than 
board B) were investigated. Both decks had a projected length of 1.55 m, a shovel and waist width of 0.29 m and 
0.25 m, respectively, and a body and shovel thickness of 10 mm and 5 mm, respectively. The decks were freely 
suspended on a frame with rubber bands (Fig. 1). The vibrometer used is a PSV 400-1D (Polytec, Waldbronn 
Germany). The scanning vibrometer measures velocity and displacement based on laser interferometry (Doppler 
effect). An electro-magnetic shaker (Goodmans Vibrators, Model V50, serial 175) was used to apply an input force 
to the board in the axial direction of a stinger, coupled to the shaker. The stinger was equipped with an impedance 
head (Brüel & Kjaer, Type 8001) used to measure the force applied to the board. The impedance head’s output was 
passed through a charge amplifier before being processed by the vibrometer’s A/D converter. The Polytec system 
drives and controls the shaker and laser head while simultaneously processing measurements from the force 
transducer and the laser head.  
For the free-free boundary condition, frequency response data were generated by scanning the surface of the 
boards for mobility (velocity divided by force), where each mode of vibration is represented by a peak in this 
function. The boards were divided into a 15 x 5 grid (Fig. 1). To minimise the influence of noise on the test data 40 
averages were taken at each scan point which was sufficient as the coherence of the data was close to unity. A high 
pass filter with a cut-off frequency of 7 Hz was applied to reduce the effects of low frequency rigid body motion on 
the measured data. This cut-off frequency is less than 50% of the frequency of the first mode. 
A swept sine signal was used to drive the shaker which proved to provide better coherence than when a white 
noise signal was used. As the 4th bending mode lay between 100 and 110 Hz for both of the boards, the signal was 
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designed to sweep between 5 and 125 Hz, this ensured that all modes were stimulated. The input sweep duration 
was set to 12.8 s, thereby matching the sampling time of FFT. The FFT consisted of 1600 lines with a 0 to 125Hz 
frequency band with a 320 Hz sampling frequency and a 78.125 mHz resolution. 
Modal analysis was applied to post process experimental dynamic data to determine modal characteristics such as 
frequency, shape and damping. The software package used was ME'scopeVES Version 4.0 (Vibrant TechnologyInc, 
Scotts Valley USA). Although each of the parameters can be determined directly from the frequency response 
functions (FRFs) and from the deflection shapes measured by the vibrometer, modal analysis provides a more 
accurate result. The vibrometer data were imported into the software, which builds a model of the test surface from 
each scan point. 
Fig. 2. Mobility FRF for the two boards; B1-4 = four bending modes; T1-3 = first three torsional modes. 
3. Results 
The FRFs of the two boards are shown in Figure 2. The type of mode, i.e. bending or torsional, was identified 
with the Polytec software (Waldbronn Germany), by displaying the motion of the boards at a specific frequency, 
corresponding to the peaks of the FRFs. The modal frequencies of both boards as well as the damping ratios are 
listed in Table 1. The frequencies of the first three bending modes were extremely close in both boards, indicating a 
bending stiffness of the same magnitude. However, the torsional frequencies were different, with board A being 
stiffer in torsion. 
Table 1. Experimentally determined resonant frequencies and damping ratios of both boards 
Mode FRF peak 
frequencies (Hz), 
board A (Polytec) 
Damping ratios 
(%), board A 
FRF peak 
frequencies (Hz), 
board B  (Polytec) 
Damping 
ratios (%), 
board B 
1st bending   16.3 0.61   16.4 0.51 
1st torsional   33.4 1.02   29.9 0.85 
2nd bending   36.8 0.37   37.0 1.53 
2nd torsional   60.6 0.70   54.3 0.70 
3rd bending   65.2 0.35   65.0 0.30 
3rd torsional   93.8 0.68   86.0 0.60 
4th bending 107.3 0.32 101.4 0.31 
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The damping ratio ζ was calculated by the modal analysis software according to 
rω
ωζ
2
Δ
=           (1) 
where Δω represents the bandwidth for which the magnitude of the signal decreases by 3 dB and ωr is the 
resonant frequency. From Table 1 it follows that in board A, the torsional modes dampen out faster than the bending 
modes. Also, the lower the mode, the larger is the damping. Board B followed the same principle with the exception 
of the 2nd bending mode which showed the largest damping ratio. 
The nodal positions of the 4 bending modes were the same in both boards and are shown in Figure 3. 
Fig. 3. Position of the node lines of the 4 bending modes. 
4. Discussion 
According to Foss and Glenne [1], “enthusiasts claim that gliding on soft snow is enhanced by ‘lively’ or 
vibratory skis and that over-damped skis and snowboards feel dead and heavy.” The liveliness of snowboards is the 
most important subjective parameter of freestyle boards, whereas in freeride boards, is among the least important 
parameters [3]. The liveliness of both freestyle and freeride boards shows a positive and high correlation with the 
camber height and the body stiffness and a positive and medium correlation with the board length, waist width and 
board mass [3]. The fundamental bending frequency increases with stiffness yet decreases with board length and 
mass. The torsional stiffness of both freestyle and freeride boards correlates highly with the transition smoothness, 
edge grip and accuracy, and shows a medium correlation with stability [3]. This is in agreement with Foss and 
Glenne’s statement [1] that higher torsional vibration directly affects edge control and stability. Bending modes 
allegedly affect the performance to a lesser degree [1] which stands in contrast to the relative importance of bending 
stiffness which is more than twice that of the torsional stiffness. 
The damping ratios for each of the modes are comparable to the damping in a free-free ski. Foss and Glenne [1] 
determined that the damping ratio of a free-free ski is typically 0.5%. The data of the two boards investigated ranged 
between 0.3 and 0.6% for bending and between 0.6 and 1% for torsion. The 2nd bending mode of board B was an 
exception with a damping ratio of 1.5%. The position of the node lines in the two boards investigated closely 
matched the ones of a free-free beam with uniform cross-section. 
Benchmarking of snowboards should, in addition to mechanical and geometrical properties, include vibration 
characteristics as well, which can easily be determined via laser vibrometry. 
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